A study was conducted to assess the effect of land use change from eucalyptus to cropland on soil physico-chemical properties and perceptions of farmers in Koga irrigation area, Amhara Region. Soil samples were taken from 4 sites of three land uses (eucalyptus woodlots, cropland, and eucalyptus land use changed to cropping) and at 0-20, 20-40 and 40-60 cm depths. The three depths were used for analysis of soil chemical properties, whereas the first two depths for physical properties. Furthermore, randomly selected 15 farmers were interviewed for their perception on the state of soil fertility and crop yield conditions on lands that were recently changed from eucalyptus to cropland. The result showed that except for available P, sampled plots that were changed from eucalyptus to cropland were found better in soil chemical properties (pH, N, CEC) and SOM contents as compared to croplands. As compared to the other two land uses, total N was found larger at eucalyptus woodlots. Regarding soil physical properties (bulk density and texture), little or no difference was recorded among the different land use types. On top of that, farmers perceived that plots that were under eucalyptus have better fertility, require less nitrogen fertilizer and crops perform well compared to plots that are contineously under cropping. Thus, results of this study confirmed that changing land use from eucalyptus to cropland is possible without detrimental effect on soil properties and without affecting productivity of lands to raise crops.
Introduction
In Ethiopia, each year about 80,000 ha of natural forests have been converted to farmland, while 50,000 ha of woodlands removed for charcoal production and farmland expansion; and 30,000 ha of woodland, thickets, and bushes cleared for fuel wood production (UNDP/ World Bank, 1988 cited in Tola, 2009 ). Ethiopia has a sad story on its forest resources. Both Emperor Kaleb and Minilik II were very concerned on the forest resources and Emperor Menelik, assisted by his French technical advisor, introduced fast-growing tree species from southern Europe (Portugal, Italy, Greece, etc.), whereas later on Eucalyptus is assumed introduced from Australia that made up of several species. Eucalyptus was first introduced with the objectives of meeting ever-increasing demand for construction poles and firewood in Addis Ababa, the seat of King Menelik II (Yitebitu, 2010; Amare, 2010) . poorly palatable to animals, the demand for its wood products with reasonable prices, and their adaptations to a wide range of ecological conditions (Yitebitu, 2010; Mulugeta, 2010) .
Even if it is claimed for its ecological disadvantage, in Mecha district fertile croplands have been converted to eucalyptus wood lots each year for two main reasons; its attractive economic return with minimal labor and capital inputs, and fear of crop yield reduction at the adjacent or neighboring eucalyptus woodlots to crop farms. In Ethiopian, still natural forests have been converted to croplands and croplands to eucalyptus woodlots in small land holdings, however, unless for a special reason, there is no land use change from eucalyptus to cropland. This might be due to the long existing fear of the alleged negative impacts of eucalyptus to soil physico-chemical properties that could cause reduction on crop yields. Even if a wealth of information is available on eucalyptus, critics on the effect of eucalyptus on soil and water depletion, allelopathic effect to nearby plants and the difficulty on the future land use change to crop use are still debating. The authors were seriously questioned on what would be the fate of those fertile croplands that have been changed to eucalyptus if the need arises to change back to cropping after four or five tree harvest. Fortunately, very recently, a land use conversion was made from eucalyptus woodlots to irrigated cropping at the Koga irrigation scheme in the Amhara Region where the objective of this study could be addressed. Even though farmers in the area are much interested in continuing with eucalyptus plantation, the Koga irrigation scheme is entirely dedicated for production of food crops so as to meet part of the national food security objectives. Therefore, this study is aimed at meeting the objectives on investigating the effects of land use change from eucalyptus to cropland on soil physico-chemical properties and on evaluating the farmers' opinion on land productivity problems faced due to the present land use change. Figure 1 shows the location of the Koga irrigation scheme and the excavation process on the eucalyptus woodlots that changed to cropland.
Materials and Methods

Description of the Study Area
Koga irrigation scheme is situated in Mecha district, West Gojam Zone, Amhara Regional State of Ethiopia close to Merawi town -the center of the district, which lies about 35 km southwest of the regional capital Bahir Dar. Mecha district is located at 11 o 10' N to 11 o 25' N latitude and 37 o 02' E to 37 o 17' E longitude at an altitude ranging from 1,900 to 3,200 masl. The mean annual rainfall at Merawi town is 1589 mm and mean temperature is [16] [17] [18] [19] [20] o C (Nigusssie & Yared, 2010) , and is subject to the inter-tropical convergence zone. This leads to a single rainy season during the months between June/July to September/October allowing for only one rain fed cropping season, referred to as Meher in Ethiopia. The dominant soil type in the scheme is Nitisols. Koga irrigation scheme is designed to supply irrigation water for more than 7,000 ha of land. 
Soil Sampling
In this study, three land use types: 1) cultivated land, 2) Eucalyptus plantation 3) eucalyptus woodlots changed to croplands were selected. For each land use, four sites were selected randomly (considered as replications), for soil sampling. Soil samples were taken from 0-20cm and 20-40cm for bulk density (24 soil samples) and 0-20cm, 20-40cm and 40-60cm for other parameters (36 soil samples); a total of 60 soil samples were taken and used for the study.
Soil Preparations and Analysis
The samples were oven-dried at 105ºC for bulk density determination. Soil-water content was determined by gravimetrically. For chemical analysis and textural analysis soil samples were air dried under shade, ground using pestle & mortar and sieved to pass through 2 mm. Particle size analysis was determined by hydrometic method as described by Sahilemedhin and Taye (2000) . The soil pH was determined using glass electrode pH meter in 1:2.5 soil to water suspension following the procedure outlined by Sahlemedihn and Taye (2000) . The organic carbon content was analyzed by wet digestion method using the Walkley and Black procedure (Nelson & Sommers, 1982) and converted to soil organic matter by multiplying it by the factor of 1.724. The total nitrogen was determined by Kjeldahl method (Bremner & Mulvaney, 1982) , Available phosphorus was determined according to Bray II method ( Sahilemedhin & Taye, 2000) .
Farmer's Perception on the Effect of Land Use Changes from Eucalyptus Woodlot to Cropland.
Farmers perception on eucalyptus land use before excavation and after excavation/changed to cropland and its productivity as compared to croplands that were constantly used for long years was assessed through semi structured interviews made in 4 Kebbeles (the smallest administrative unit) and different irrigation blocks. A purposive random sampling was made for 15 farmers who have farmlands changed from eucalyptus to cropland use. The respondent answer summarized in tabular form, analyzed in descriptive statistics and incorporated as a part of research result in this paper.
Statistical Data Analysis
The impact of independent variables such as land use on the dependent variables (soil properties) was statistically tested. Analysis of variance (ANOVA) was carried out using SAS software (SAS, 2008) . For variables showing statistically significant difference between treatments (p<0.05), further analysis of mean separation was carried out using Duncan's Multiple Range Test (DMRT) at 5% probability.
Results and Discussion
Soil Physical Properties
Bulk density (g cm -3 ) showed no significant difference between the different land uses for the surface 0-20 cm and 20-40 cm depths (Table 1 ). In terms of absolute value, however, cropland had the highest bulk density of 1.11 g cm -3 in 0-20 cm and 1.24 g cm -3 in 20-40 cm depth of the soil. Soil under eucalyptus woodlots and land use changed from eucalyptus to cropland had similar bulk density, both exhibited lower bulk densities as compared to cropland in both depths (Table 1 ). This result is in agreement with Fekadu et al. (2012) who reported similar results for Wondo Gent area in Ethiopia as bulk density didn't show significant difference between the different land uses and soil depths with the range of (0.93-1.07 g cm -3 ). Again Tilashwork et al. (2012) also found that in Koga irrigation watershed, soils bulk densities at all depths and distances from Eucalyptus camaldulensis and Croton macrostachyus stands are low and ranged from 1.0 to 1.1 g cm -3 . The lower bulk density in crop lands as compared to eucalyptus plantation also reported by (Yihenew & Getachew, 2013) . The lower bulk density under eucalyptus may be due to organic matter accumulation and les trampling by livestock. As noted by Kimmins (1997) , structure, texture, and porosity of soils, together with their organic matter content, combined to together to determine bulk density of a soil. All land utilization types are in good condition on their bulk density. For good plant growth, bulk densities need to be below 1.4 g cm -3 for clays soils (Miller & Donahue, 1997) . The soil texture analysis result showed that sand and clay didn't show significant difference (P>0.05) across land uses whereas, silt texture showed significant difference (P<0.01). Similarly, sand texture showed significant difference (P<0.05), whereas silt and clay (P<0.01) across depth. Sand and silt texture decreased down a depth whereas clay increased ( Figure 3 ). The soil textural analysis result against the land use and soil depths are presented in Table 1 . Clay texture was dominated all over the land uses and depths ranged from 54.75 to 73.11%. The silt fraction was ranged from 12.32% in croplands with the depth of 20-40 cm and it was 27.32% in 0-20 cm depth under land use change from eucalyptus to cropland. Nevertheless, sand and silt decreases down a depth whereas clay content increases down a depth in all the three land uses. All land uses and depths of the soils in this study were fund dominated by the clay fraction. In areas like Koga, where the soil texture is dominated by clay, lower bulk density is reliable for seed germination and crop growth. Clay texture has good CEC as compared to other textural classes. In general, fine-textured soils hold more water and plant nutrients and thus require less frequent applications of water, lime, and fertilizer (Daniels & Haering, 2011) . Soils with high clay content (more than 40%), however, hold less plant available water than loamy soils. Fine textured soils have a narrower range of moisture conditions under which they can be worked satisfactorily than sandy soils. Soils with silt and clay content may puddle or form surface crusts after rains, impeding seedling emergence. High clay soils often break up into large clods when worked in either too dry or too wet conditions. (Table 2 ). Even if, the pH of the area is recognized as acidic, the land use changed to cropland, however, showed an improvement in soil pH by 0.29 unit and a reduction of EA by 0.12 cml c kg -1 as compared to soils under eucalyptus land cover. This might be due to litter and root biomass decomposition could raise and release some cations. Robson and Abbott (1989) discussed that soils are extremely heterogeneous with large variations in pH in short distances due to root activity, decomposition of organic matter, nitrification, etc. The other reason for lower pH in eucalyptus woodlots could be high Cation uptake by the tree and removal of cations with the frequent harvest of tree. As reported by Binkley et al. (1992) , intensive management, including frequent harvesting of high nutrient content aboveground biomass can lower the availability of all soil nutrients and lead to soil acidification. The third reason for low pH could be high rainfall of the area that could leach cations to deeper horizons and/or depleting the rhizosphare. As reported by Pritchett and Fisher (1987) when leaching of acid soils proceeds over time, the proportion of exchangeable Al 3+ and H + ions on clay and humus increases, whereas the proportion of exchangeable Ca 2+ , Mg 2+ and K + decreases.
Soil Chemical Properties
Our result is in line with the findings of different authors; Lalisa et al. (2010) and Yihenew and Getachew (2013) reported that in Ethiopian central highlands that soil pH is lower in wood lots/eucalyptus plantation as compared to homestead, croplands and grazing lands. Zerfu (2002) also noted that eucalyptus globulus plantation sites showed high level of active acidity or low pH as compared to agricultural lands. The pH of the soil showed significant difference (P<0.05) with depths. The lower pH 5.25 was found in deeper soils (40-60 cm) at permanently croplands and recently converted croplands, whereas the highest pH that was recorded in the intermediate depth (20-40 cm) at all land uses except there is about 0.14 unit lower at the eucalyptus woodlots (Figure 4 ). Organic matter showed statistically significant difference (P<0.05) on land use types and soil depths. Land use change from eucalyptus to cropland showed higher organic matter content up to 3.36% than the two land use types (Table 2) . Croplands had the lowest OM content (2.86); this could be due to a complete removal of crop residues for animal feeds and fire wood. This result is in agreement with Lalisa et al. (2010) that organic carbon is lowest in cereal fields as compared to other land uses in the central highlands of Ethiopia.
As shown in Table 3 , organic matter decreased down a soil depth. Larger OM (3.65%) was found in the surface soil (0-20 cm depth) followed by 3.07% at 20-40 cm and 2.71% in the 40-60 cm depths. The highest OM up to 3.91% and 3.64% were recorded on land use changed from eucalyptus to cropland and under eucalyptus land use at 0-20 cm, respectively. However, the lowest OM (2.36%) was recorded on croplands at 40-60 cm soil depth ( Figure  4 ). biomass and other plant debris can be found. Trees generally improve ground cover, add organic matter to the soil, reduce the erosive impact of falling rain and improve infiltration of water into the soil (Jagger & Pender, 2000) . 
Total Nitrogen
Significant difference (P<0.01) in total nitrogen content of the soils were found due to LUTs and soil depths. Total nitrogen was as much as 0.18% under eucalyptus plantation, whereas it was 0.15% on both cropland and land use changed from eucalyptus to cropland (Table 2 ). The rise of total N under eucalyptus might be the presence of higher organic matter in the surface whereas the low N content in the croplands may be due to high decomposition rate on the plow surface and high N uptake of the cereal crops. Davidson (1993) also reported that a substantial proportion of the nutrients in a tree crop held in the foliage which is returned periodically to the soil. This nutrient turnover is responsible for improvement of soil fertility by plantations established on previously cleared sites. Maintenance of the nutrient cycle is critical to the long term productivity of soils and it is essential foliage and leaf litter are not removed from the site. Even greater benefits accrue if bark is also left behind the relative amounts of nutrients in different parts of the biomass of E. tereticornis in India (Davidson, 1993) . Sanginga and swift (1992) reported that in Zimbabwe the Eucalyptus plot had higher NH 4 -N contents than the Miombo woodland and bare soil/croplands. Soils under Eucalyptus forests also reported as it has larger soil nitrogen due to the long period of time under tree cover and soil nitrogen mineralization could be increased under Eucalyptus forests by 11-14 ppm per year (Reversat, 1988; John et al., 2005; Muluneh, 2011) . A study result by Lalisa et al. (2010) , in central highlands of Ethiopia, indicated that total N was lower in cereal farm as compared to pasture land and wood lots. Even if Tilashwork et al. (2012) discussed that total N (TN) increased with distance from the eucalyptus trees, their result showed that near the Eucalyptus stand the TN was significantly larger (p ≤ 0.01) of the average TN of the field and the nitrogen content declines with increasing distance up to 5 m away from the tree. Generally higher N near eucalyptus trees might be due to the higher N in the foliage of eucalyptus and low uptake by the tree. This was discussed by Selamyhun (2004) that foliage of eucalyptus accounted 45-48% of total N from above ground parts but the mean annual nitrogen accumulation of eucalyptus ranged from 8-13 Kg N ha -1 y -1 . The other reason for high N under eucalyptus woodlots might be due to the low temperature and very limited radiation reached on the surface of the soil that leads to low volatilization of NH 3 -N.
N content was also found increased significantly with the soil depth (P<0.01). The higher total N (0.17%) was found on the 40-60 cm depth range, whereas total N content was 0.16 % and 0.15% at 0-20 cm and 20 40 cm soil depths. The interaction effect of depth with land use on total N also showed significant differences (P<0.01). Total N was very low (0.11%) in 20-40 cm soil layer at a land use where changes from eucalyptus to crop, whereas higher N up to 0.19% was found in 20-40 cm depths under eucalyptus land use followed by 0.18% on cropland at 40-60 cm soil depth. Total N increased down a depth on croplands, whereas at eucalyptus woodlots showed an increase in the middle zone (20-40 cm). Contrary to croplands, total N at 20-40 cm depth declined in a land use changed from eucalyptus to crop. This could be due to the leaching of N to lower depth and removal of the nutrient by annual crops on the surface soil. It is also known that in cereal dominated farming system, competition for nutrient is higher in the surface layer due to the root biomass on this layer is much denser than the other layers. On the other hand, higher N on surface soil under eucalyptus could be the large amount of root biomass of the tree is found in lower or sub surface horizons of the soil. Selamyhun (2004) pointed out after eight years, fine roots (<10 mm diameter) accounting for 80% of the total root mass per unit area are mostly extend laterally to less than 20 m lateral distance and 60-100 cm depth in to the adjacent cropland areas in Nitisols of the central highlands of Ethiopia.
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Available Phosphorus
Generally, the phosphorus content of the area is very low. Available P didn't show statistically significant difference (P>0.05) due to land uses, whereas croplands had relatively better phosphorus (18.07 ppm) as compared to lands covered by eucalyptus woodlots (14.94 ppm) and land use changed from eucalyptus to cropland (16.27 ppm). The larger available P in croplands might be due to the cumulative effects of application of phosphorus containing fertilizer in the past.
Similar finding is reported by Yechale and Solomon (2011) that the amount of available p content in croplands is much larger than in forest and eucalyptus woodlots. Woldeamlak and Stroosnijder (2003) also reported that the available P content of cultivated fields is larger than forest lands, which suggests that the annual leftover of P from fertilizer application is much larger than obtained from leaf decomposition from trees. Lisanework and Michelsen (1994) explained that the lower available P content at forest lands is due to a high proportion of P is retained and immobilized by microbes. Another possible reason for low available P under eucalyptus woodlots could be due to the lower pH conditions that can permanently fix phosphorus. Under acid conditions, phosphorus is precipitated as Fe or Al phosphates of low solubility (Tisdale et al., 2002) , whereby maximum availability of phosphorus generally occurs in a pH range of 6.0 to 7.0. It was also found that under eucalyptus plantation, exchangeable Al is relatively higher than the two land uses. The raise of Al may lead to Al toxicity and lowering the soil pH. In this study, land use changed from eucalyptus to cropland suggests that the effect of removing the eucalyptus woodlots and replacing this with annual crops was not negatively affect on availability of phosphorus. A similar study in tropical India showed that insignificant change in available P following deforestation (Saikh et al., 1998 as cited by Yechale & Solomon, 2011) .
In general, there is evidence in the literature suggesting that eucalyptus may enhance some soil conditions, including moisture and topsoil retention, particularly on degraded or barren sites through leaf litter (Jagger & Pender, 2000) . In higher plantation area like Mecha district, almost all leaf litter fall down under eucalyptus, which may pump nutrients from deeper parts of the soils through their roots to the litter that will give rise nutrients. Even after harvest some tree growers used to collect the leaves and twigs for in-situ burning before new shoots /coppice emerged. Soil nutrient levels under eucalyptus plantations can also be improved by leaving litter uncollected, adjusting spacing and mixing eucalyptus species with leguminous plants (Tesfaye, 2009 ). In addition, Davidson (1995) showed that eucalyptus species have a beneficial effect on soil structure and soil fertility improvement through decayed litter. Similarly, Yitebtu (2010) found that after 8 years of plantation, availability of macronutrients like phosphorous, potassium, calcium and magnesium are increased by 57%, 13%, 31% and 45%, respectively.
Cation Exchanging Capacity (CEC)
CEC didn't show statistical differences (P>0.05) between LUTs ( ) was obtained on croplands. CEC on depth and interaction of land use with depth also didn't show statistical differences. The CEC of all the land uses were very acceptable, and indicates that the soils of the area are relatively fertile. Our result is confirmed by (Lalisa et al., 2010) that CEC didn't show any significant difference among the land uses in the central highlands of Ethiopia. Yechale and Solomon (2011) also confirmed that there was no statistically significant difference between soils among the land uses in terms of the CEC that was studied in the Hare river watershed, Ethiopia.
Farmers Perception on Land Use Change from Eucalyptus to Cropland
From the 15 farmers interviewed, 11 of them appreciated eucalyptus planting on croplands is economically important than other land uses. Considering eucalyptus as an asset is also found the most important by many farmers. They believed that eucalyptus assumed as money deposited in a bank. The other benefits according to the respondents were, the labor required to produce eucalyptus is minimal. On the contrary, two respondents appreciated the cropland use due to its frequent and immediate return to investments as compared to tree growing. Only one respondent said that as there is no economical difference between crop and tree growing. Another respondent said that eucalyptus and croplands should be used according to the fertility status of the soil; for poor soil, eucalyptus is more preferable than growing it on fertile soils that are suitable for crops.
Except one, all farmers appreciated changing eucalyptus land use to cropland due to better yields obtained on such lands. Even though farmers recognized that the crop yield is better at the recently converted croplands, no one could tell the exact difference quantitatively. From the respondents, five of them recognized that fertilizer amount required for the formerly eucalyptus land use as compared to contineous croplands is somehow lower. Four farmers were replied as they reduced the fertilize use by a quarter. Although most farmers perceived that eucalyptus land changed to cropland can give better yield than the continuously cropped lands, they were not interested to change their eucalyptus land to cropland for a simple reason that labor and input requirements for producing food grains are cumbersome.
The other important thing as of many farmers and intellectuals, fourteen of respondents didn't assume that eucalyptus could be for cropland. They considered eucalyptus land use can only be used for eucalyptus otherwise it is a waste land; this is because they have experience as there is limited vegetation undergrowth in eucalyptus woodlots and the detrimental effect on the adjacent crops (shading effect). They also assumed that eucalyptus can deteriorate the soil and this deteriorated soil cannot be re-used for cropping after excavation of the eucalyptus.
Finally for the question "what if the decision is left for you whether you change the land use to crop or left as it is despite the irrigation water available to your farm"; nine of the respondents (60%) replied as they will change to cropping, four responded (26.67%) will leave eucalyptus as it is, whereas two (13.33%) respondents said they will excavate according to the soil fertility status for cropping. However, many agreed that whenever there is labor scarcity for the routine irrigation activity, prefer eucalyptus production than cropping. On the contrary, in case labor is not a limit, they preferred changing the land use from eucalyptus to cropland since irrigation farming pays much better than tree cropping.
Conclusions
The existing assumption on the environmental consequences of eucalyptus plantation is that the tree is detrimental to soil fertility and ground water, whereby future land use change to cropping is unlikely. In attesting this a study was conducted to determine the effects of land use change from eucalyptus to cropland on soil physico-chemical properties and to assess farmers' perception and opinion on the actual problems faced due to changing their land use from eucalyptus to growing food crops.
Results of the soil chemical properties indicate that except available P all the analyzed parameters at the land use changed from eucalyptus to cropland (in the last three years) were found better than the lands permanently under food crops. This newly changed land use is also better in its soil acidity and exchangeable acidity status than the lands under eucalyptus woodlots. The larger P on existing croplands could be the carry-over effect of the phosphorus fertilizers that could have been applied for the annual crops.
Farmers in the study area recognized that land use changed from eucalyptus to cropland had a yield advantage than from the plots under contineously under cropping and again the former land use requires lower amount of nitrogen fertilizer. Therefore, it is possible to conclude that changing land uses from eucalyptus to cropland has no detrimental effect on soil fertility and productivity of crops. Thus, the result confirmed that one can shift his/her eucalyptus woodlot to crop production as the need arises. However, mmonitoring the soil physico-chemical properties due to land use change from eucalyptus to cropland need to be accompanied by agronomic trials so as to depict the soil conditioning effect of tree cropping.
